Single molecule approaches to monitor the recognition and resection of double-stranded DNA breaks during homologous recombination.
The fate of a cell depends on its ability to repair the many double-stranded DNA breaks (DSBs) that occur during normal metabolism. Improper DSB repair may result in genomic instability, cancer, or other genetic diseases. The repair of a DSB can be initiated by the recognition and resection of a duplex DNA end to form a 3'-terminated single-stranded DNA overhang. This task is carried out by different single-strand exonucleases, endonucleases, and helicases that work in a coordinated manner. This manuscript reviews the different single-molecule approaches that have been employed to characterize the structural features of these molecular machines, as well as the intermediates and products formed during the process of DSB repair. Imaging techniques have unveiled the structural organization of complexes involved in the tethering and recognition of DSBs. In addition to that static picture, single molecule studies on the dynamics of helicase-nuclease complexes responsible for the processive resection of DSBs have provided detailed mechanistic insights into their function.